ABSTRACT
INTRODUCTION
Endometriosis is defined as the implantation of endometrial glands and stroma outside the endometrial cavity. Deeply infiltrating endometriosis (DIE) is characterized by infiltration of endometriotic cells > 5 mm below the peritoneal surface 1 . Deep lesions involve principally the posterior pelvic compartment, including the rectovaginal septum, posterior vaginal fornix, uterosacral ligaments and anterior rectal wall, causing adhesions and distortion of the pelvic anatomy 2, 3 . In addition to the classical pain syndrome of DIE (characterized by dysmenorrhea, dyspareunia, chronic pelvic pain, dysuria and dyschezia) 1 , deep lesions are associated with dysfunction of the pelvic organs and pelvic floor muscle (PFM) [4] [5] [6] [7] [8] [9] [10] O R I G I N A L P A P E R of non-relaxing PFM disorder in women with chronic pelvic pain, including direct or indirect (neuropathic) injury to the pelvic floor muscle, pelvic pain symptoms and inflammation 11, 12 . Assessment of PFM using digital palpation or electromyography may elicit pain, causing pelvic muscle contraction, which can be a confounder. Transperineal ultrasound has been shown to be a valid, reliable and non-invasive tool for the assessment of pelvic floor morphometry 13, 14 . We have previously demonstrated that women with DIE have a smaller levator hiatal area (LHA) at rest and during dynamic maneuvers on three-(3D) and four-dimensional (4D) transperineal ultrasound than do those without DIE, suggesting higher muscular tone and lower strength 10 . We found no previous studies evaluating the effect of retroperitoneal endometriosis on PFM function. The aim of this study was to evaluate and compare the morphometry of PFM in women affected by ovarian endometriosis with DIE vs those without DIE, using 3D and 4D transperineal ultrasound.
METHODS

Study population
A prospective study of 114 consecutive nulliparous women scheduled for surgical excision of endometriosis was conducted between March 2015 and December 2016 at a tertiary referral center for the treatment of endometriosis.
Exclusion criteria were age < 18 or > 45 years, current or previous pregnancy, previous surgery for deep endometriosis, postmenopausal status and other identifiable cause(s) of pelvic pain or pelvic floor dysfunction in order to minimize bias (pelvic organ prolapse, pelvic inflammatory disease, interstitial cystitis, irritable bowel disease, vulvodynia, active urinary or vaginal infection, diagnosis of genital malignancy or other causes of chronic pelvic pain, congenital or acquired abnormalities of the pelvis or pelvic floor or history of sexual abuse).
The diagnosis of endometriosis was based on clinical and sonographic findings and, when necessary, magnetic resonance imaging (MRI). Patients diagnosed with ovarian endometriosis and associated deep infiltrating lesion were compared with patients without DIE. We assumed that the absence of retroperitoneal infiltration in the latter group corresponded to an anatomical integrity of pelvic nerves and plexus. All patients received continuous progestin therapy for at least 3 months before transperineal ultrasound. All women were examined preoperatively. Data on medical history, age, body mass index (BMI) and previous surgery were collected. Patients, aware of their suspected diagnosis, were asked to rank endometriosis-related symptoms (dysmenorrhea, dysuria, dyschezia, dyspareunia, chronic pelvic pain) using an 11-point numerical rating scale (NRS).
All patients gave written informed consent to participate in the study, and approval of the study protocol was obtained from the local ethics committee (196/2015/O/Sper).
Procedure
Transperineal ultrasound was performed by experienced operators, before gynecological bimanual examination and transvaginal ultrasound scan. Evaluation of PFM with 3D and 4D transperineal ultrasound was performed as previously described 10, 14 , using a Voluson E6 system (GE Medical Systems, Zipf, Austria) with a RAB 8-4-MHz volume transducer for all acquisitions. Measurements were performed in axial planes according to the methodology described by Dietz 13 . The LHA, anteroposterior (AP) diameter and lateral diameter were analyzed at rest, during pelvic floor contraction and on maximal Valsalva maneuver. The LHA was delineated by the puborectalis muscle, the symphysis pubis and inferior pubic ramus. Inside these borders, the levator hiatus AP distance corresponded to the levator hiatus AP diameter, while the transverse distance measured at the widest part of the levator hiatus was defined as the levator hiatus lateral diameter.
The most effective Valsalva maneuver and contraction volume data were utilized, defined as the volume data showing the most organ displacement. Changes during PFM contraction or Valsalva maneuver were calculated as percent change from the baseline measurements (e.g. levator hiatus narrowing = (levator hiatus at rest − levator hiatus at contraction)/levator hiatus at rest × 100).
All volumes were evaluated with dedicated software (4D View 14.4; GE Medical Systems) for offline analysis by investigators blinded to the clinical data.
Statistical analysis
Continuous data were expressed as mean ± SD or median (range). Categorical variables were expressed as n (%). Unpaired Student's t-test and the Wilcoxon test were used to compare continuous parametric and non-parametric variables, respectively. Comparisons between categorical variables were made using Fisher's exact test; P < 0.05 was considered to be statistically significant for all tests. Statistical analysis was carried out using the Statistical Package for the Social Sciences (SPSS) software version 24.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Baseline characteristics and pain symptoms of the two study groups are summarized in Table 1 . Five (6.7%) patients in the DIE group underwent preoperative MRI owing to suspicion of lateral infiltration to the parametrium by deep lesion at gynecological examination and/or transvaginal ultrasound, which confirmed parametrial involvement in all cases. All patients underwent laparoscopic complete excision of endometriotic lesions. Location of the disease is reported in Table 2 . The diagnosis of endometriosis was confirmed by histological Data are given as mean ± SD, n (%) or median (range). *Selfreported using 11-point numerical rating scale. BMI, body mass index; NS, not significant. examination of the surgical specimens in all patients. Preoperative transperineal ultrasound was performed successfully in all women, and no patient left the study as a result of discomfort. The outcomes of static (at rest) and dynamic (PFM contraction, Valsalva maneuver) morphometry are shown in Table 3 . The women in the DIE group showed a smaller LHA at rest, during PFM contraction and during Valsalva maneuver (P = 0.03, P = 0.03 and P = 0.02, respectively) and a smaller reduction in LHA during PFM contraction (P = 0.04) than did those without DIE.
DISCUSSION
On 3D/4D transperineal ultrasound examination, women with ovarian endometriosis and concomitant deep lesions seem to have increased PFM tone and decreased PFM strength in comparison with women with isolated ovarian endometriosis. In the DIE group, PFM hypertone at rest seems to have influenced PFM morphometry on dynamic examination, resulting in a reduced absolute value of LHA during PFM contraction and during Valsalva maneuver. Furthermore, the DIE group presented significantly less LHA narrowing during PFM contraction, indicating lower PFM strength. This is the first study to evaluate objectively the functional status of PFM in women with different patterns of the disease to assess the impact of retroperitoneal infiltration on PFM hypertonic disorder. Dos Bispo et al. 9 showed that women with DIE had an increased prevalence of pelvic floor muscle spasms on clinical examination than did asymptomatic women without endometriosis. However, digital palpation could be subjective and can provoke per se pelvic muscle contraction.
Transperineal ultrasound is a reliable and non-invasive tool for the evaluation of pelvic floor morphometry 13, 14 . Furthermore, different transperineal ultrasound parameters have been shown to be associated with different pelvic floor assessment techniques 15, 16 . In a previous study, using 3D and 4D transperineal ultrasound, we demonstrated objectively that women with DIE had a smaller LHA at rest and during dynamic evaluation compared with healthy women, suggesting an association between DIE and PFM hypertonic dysfunction 10 . However, this pilot study did not include patients with endometriosis without retroperitoneal infiltration.
Pelvic floor muscle hypertonic dysfunction is a complex condition, and the specific cause or inciting event that leads to this disorder is often not clearly identified 11, 12 . A series of factors may contribute to the development of the problem, and often different causes coexist. Indeed, the higher tone of PFM has been associated with injury to it and its innervation (i.e. surgery, trauma or endometriosis) 17 , musculoskeletal alterations (i.e. skeletal asymmetry) 18 , chronic pelvic pain syndromes and/or dyspareunia. Furthermore, this condition could also be attributed to pelvic floor activity learned incorrectly or poor activity acquired in adulthood, through continuous voluntary holding of urine or stool or sexual abuse 19 . We hypothesized that the association between PFM hypertonic disorder and DIE could be explained by two main mechanisms. First, women with only ovarian endometriosis usually have lower pain symptom intensity than do women with retroperitoneal involvement by endometriosis, including frequency and severity of dyspareunia 20 . Moreover, increased density of nerve fibers and phenomena of perineural and intraneural invasion at immunohistochemistry have been clearly demonstrated in DIE lesions [21] [22] [23] .
The strengths of this study are its prospective and case-control design, the use of a reliable technique, the exclusive selection of nulliparous women, the histological confirmation of endometriosis and the blinding of the examiner analyzing the sonographic data. Our results, however, cannot be generalized because of the small size of the study population. Since all women included in the study were symptomatic and required surgery, further studies are needed to evaluate PFM status also in asymptomatic women with endometriosis. Furthermore, we acknowledge that the evaluation of pain symptoms with a NRS could be influenced by the patients' awareness of the location of the lesions, but it is hard to define the psychological impact of referred pain and it is not ethically justifiable to hide the diagnosis from patients undergoing surgery.
In conclusion, women affected by DIE showed smaller hiatal dimensions than did women with isolated ovarian endometriosis. Hypertonic dysfunction of PFM could be related to pain symptoms (myofascial pain) and alterations in pelvic organ function in women with DIE. Indeed, the role of PFM is not just to support the pelvic organs, but its contraction and relaxation are essential for the normal functioning of bowel and bladder and to allow painless sexual intercourse 12 . Whereas hypotonic pelvic floor disorders, such as pelvic organ prolapse, are often readily identified, symptoms of hypertonic PFM disorders are often not well investigated, making these disorders unreported or incorrectly related to other better-known concurrent conditions 11 . Because PFM dysfunction can cause pain symptoms and pelvic organ dysfunction potentially resistant to hormonal or surgical therapy for endometriosis, transperineal ultrasound can allow a more complete functional assessment in women with DIE, in order to achieve tailored therapy including pelvic floor rehabilitation.
